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The Role of Railway
Operators in
Enhancing the
Customer Experience

Moderator

Prof. Anson Jack : Professor, University of Birmingham
Panelists

Mr. Masaki Ogata, Vice Chairman JR East

Mr. Shun-ichi Kosuge, Executive Vice President, JR
Central

Mr. Pierre lzard, Deputy CEO - CTO, SNCF

Mr. Rolf Hérdi, CTO, DB AG

Mr. Marco Caposciutti, CTO, Trenitalia

AAR (panelist TBD)

Contribution of
Railway Suppliers to
Elevating the Value of
Railways

Moderator
Mr. Nick Kingsley, Managing Editor, Railway Gazette
International

Panelists
Mr. Jay Monaco, Vice President Global Engineering,
Amsted Rail
Mr. Jurgen Schlaht, Head of Innovation Management,
Siemens Mobility
Mr. Takao Nishiyama, Executive Vice President, J-TREC
CRRC (panelist TBD)

Research and
Development for
Future Railways

Moderator
Prof. Roderick Smith : Emeritus Professor, Imperial
Collage London
Panelists
Dr. Norimichi Kumagai, President, RTRI
Mr. Francois Davenne, Director General, UIC
Ms. Luisa Moisio, Director of Research and

Development, RSSB
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Ms. Carole Desnost, CIO, SNCF

Mr. Carlo Borghini, Executive Director, Shift2Rail,
Dr. ZHOU Li, Chairman, China Academy of Railway
Sciences (CARS), China
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AR Eendd ) od B3 40 BABE IS %(7 36 E4E A
¥~ 4 EBE RS S)hE B iap F (Birmingham) < & Anson JACK
Fgifg 6 LR PHEFHEETEY A > 25 M Masaki
OGATA(UR & p ~48:f = @ & ¥ &)~ Mr. Shun-ichi KOSUGE(JR « /=
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EX (Contribution of Railway Suppliers to Elevating the
Value of Railways)

% - ¥ 2> R I € ik (Plenary Sessions 2)*+ 10 * 30 T =
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2 F R AREF) o
Brendwmo A A2 B AL AR TR R
TE g XA ERE T e LR PR ] kA

7



A#HE B FELZ e 4 o BRIYL 235
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Control Systems) : ¢ 323127 b R W e 4pp (Bl 52 1+
Fi)2 2 E A F p &K B A (Automatic Train
Operation) ~ # & B % s ¥c(Moving Block) ~ #xkifr 2 7] & 7
iz & ¥i(Fail-Safe Train Positioning) ~ ¥ i * 2_ 2 3§ i€ 30 $jiv
(LTE ~ 5G ~ SatCom ~ WiFi) ~ % if J& [+ 3 % L (Adaptable
Communication Systems) o

® i i it A # K 5 (Optimised Infrastructure) : ¢ 3551847 & F
12 x %(Intelligent Asset Management) » & & % Z.
ERGEE o FABUE G A2 R b
WAE o @ RERABE AAK A F 0 2 5 3 % & AAHKF(High
Capacity Infrastructure) -

2.3 B=1G e - ANKEE AR Z HICERSE R (Research

and Development for Future Railways)
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d % 5w B & Fe(Imperial College London)s#iig 1 A28 ik 2. X &9 ik
¥ #% Roderick SMITH 3£ ix 2 % 4 (2 £ 4 50 & 4:E #0142~ it IR >
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L pIEEE YA > ¢ 35 0 Dr. Norimichi Kumagai (P A 48:g 57 & Bt
7 %7 RTRI #t&) ~ Mr. Frangois Davenne (B]"% 4588 0 UIC 3,3%) ~
Ms. Luisa Moisio (% R4 % > & f ¢ #3821 i) ~ Ms. Carole
Desnost (i R 4% = @ SNCF F &)~ Mr. Carlo Borghini (% g
Shift2Rail = @ =& ¥)~Dr. ZHOU Li (® R4BE £~ 7 el k) o
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2 Ak e L AL EE ~ AF AT .;a#giﬁlg & 2> B (the Railway
Operating Community, ROC)z #_% » % 7 a’% EABAE k2 JRTE
&?’%%@ﬁﬁm\ﬁmﬁ% t#@mﬁﬁ%% &ﬁa
FEHCEA T 12BEFEN 4 0 X %12 7% & XA T
%ﬁ BoHefz:(Dp#rld @"ﬁ(Automated train operatlons) 5 (2)

o ka8 35%] 7§+ JR7%(Mobility as a Service, MaaS) ; (3)# & Z £
F= o & ku(Logistics on demand) ; (4) & F A ¢ & B~»x F (More
value from data) ; (5)s¢ /R i * e iF it (Optimum energy use) ;
(6)PR52~B$F'“ A% 2 i (Service timed to the second) ; (7)"% M 4fE 4

e 78 = A (Lower cost railways) ; (8)Fx 4Bz T A ik > |2
Lfi’ * 4 (Guaranteed asset health and availability) ; (9)# £ i+ e
R s 2@ gm(Intelligent trains) 5 (10) & % 7 idend = 2 i
## (Stations and smart city mobility) ; (11)3 5 2 Ak €
(Environmental and social sustainability) ; (12)¢-:& * ¥ #. 5% %
= % # i¥ (Rapid and reliable R&D delivery) -

12" World Congress
on Ranlway Research

Q2: Railways own many aging and legacy assets.

What research might be performed to manage
these assets economically and effectively?
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EERMEEALLENHE i IR BT AP B BT E Aps o

A g APl s edwm g RE Ty (DARERE KT R
g % 3uF B (Horizon Scanning for the Railways: An International
Perspective) ~ (2) 7 F= 48 3f iF #& 47 4 % X ¢ &4 (Decision-Aid for
Real-Time Railway Operation Control) ~ (3)48iig 2 &+ chp & 7| 2
(Autonomous Trains on Main Lines) ~ (4)£]3#7 2 &8 B ch> 3k (3%
(Global Certification for Innovative Product Development) ~ (5)7] & + &
a8 A HEF L e 2 K Ak s A% 22 (On-Board Monitoring
for Vehicle/Infrastructure Diagnostics and CBM) ~ (6) & & 7|2 + ~ B i)
BPIERBFEE > ZRBLEPBEES (X2 L3 A%F G R RAD
5 Ei/ﬁv £1772_ 8 I (Integration of On-Board and Wayside Measurements
with  Virtual Methods Towards Safer, More Cost-Effective,
Risk-Conscious and Innovation-Spurring Assessment Methods for
Running-Dynamics) ~ (7) & * # = 4 #& 2 3¢ B 1+ & & (Digital
Technologies for Predictive Maintenance) ~ (8)& 548 i % sv(Maglev
Systems) ~ (9)4f i & ko B 2. >3k it fg F (Global Vision for Railway
Development) ~ (10) %= 7 FI 41 £ —3k 4o i@ 4vid £] 372 2 705 4% (From
Research to Benefits: How to Accelerate the Innovation Process) % 10 *
AARRA £ 7 46 hme B4 WAIFRBEARSE F ERT M2

2 Hhwme A gArT o

3.1 BRARSIEESREREREEIE I EENSIEEB R (A
New Automatic Train Operation System over European
Train Control System for High-Speed Line Infrastructure
Monitoring)
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_,ﬁ *_}_‘g o ;1] K'FF' 5 «u(ERTMS/ETCS) 1
ﬁf’-ﬂ—iﬂm’ﬁiﬁﬁ"m AFT B EEHFE S
ﬁ,ﬁ%bﬁﬁiﬂkﬁﬁ RS SRR LY

5o % - w &k
E 2 BOBRHE BB 2 e B Ao X IR D
HlEaEawe BY &

& 4 744 % (Unmanned Aerial Vehicle » UAV):h
PR AR B 4K BB 73 (Unmanned Railway Vehicle, URV) » 4-
Bl 3-1 577 » & Ak henp d it FE N R AREZ R HRR

ErieEl -

Bl 3-1 URV z 3D K& 3Bl

=~ BESIEEE(ATORYERIFR

b

K ATO 3k T8 4 ] 3-2 0 JCHE R 8 o Ae BE Tl 3% Jo e =t 4 4
BPERFLEr pERERE S TR IR T S AR RES
kAR ERR BB Ry B P B R RESG o F - b
- R R ER 0 S R kAN T T R

2ok R AR A_ATO j ehe £ & % o

Y \
Joumey Profile Retum to Reaction to
System Tests Definition M
A

laintenance Depot Obstacle Detection

(N f’—a‘ﬂ L endy i

|«includes

Leaving from
Driving Inspection High-Speed Line

) /
‘-lncludes- T / ,
™\ \
Startup Leaving = Leaving from Autonomous Remote —
Maintenance Depot Sidetrack i

Bl 3-2 ATO E# 55 % T

= SIE EREE ATO 2523
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2,

RO 51]@ + ATO_OB(on-board) % #1ig] ATO TS(sidetrack)
£ 2 A AT T (HrR 33 ) TIEFRANE pFER
Autonomous_Driving_Functions ficie ek 70 & fs £ d ®H ylj_é bl
,% ¥(European Train Control System » ETCS)#c% ETCS Manager #

LR e o GEELE RERRIE KEFE p RSP o
B 3-4 B o1 fBozhA B IR R #*’%F'J Nonlinear Model Predictive Control
strategy (NMPC) i3 ™ » 7  »eb i BiS| 2 & fsl & ~ o SUR T &
%=k ez & s F e Ay o

|
3] Interface_ATO_OB ATO_TS

52 ATO_0B_Controller | T2 Energy Manager
Interface_Controller_EnergyMgr Intesface_EnergyMgr_Controlles [¢]
Interface_Controller ADF [¢)] Interface.
Interface_Controller_Vehiclel ogic [¢>] Interface_EnergyMgr Vehiclel ogid<>]
Interface_Controller ETCSManager [<)| Interface_EnergyMgr_TrackDBMg
Intesface_Controller_SCSMgr [¢))]

Interface_Controller_TrackDBMgr [<>] BoA

L[<5] Intertace_Controlier ATOTS

Es(s_-- a ] Interface_ADF_TrackDBMgr
Interface_SCSMgr_C Interface ADF_ETCSMgr
ace_SCSManager_TrackDBMgr[<)] Interface ADF _VehicleLogic [<)]

<3| Interface_SCSManager_SCSOB 5% Vehicle Logic |

Interface_Vehiclel ogic_SCSM:

[©3] Intertace ATO_08.SCS.08

Interface Vehiclel ogic_TRAININTERFACE |<>

Fl 3-3 ATO_OB % #

Position [km]

- )

0 - - " - i - 0 " A - i -
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Time [s] Time [s]

Bl 3-4 LA HNIE RIS P F R .
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AFTPRLI Ve R 87 F 0 d B IR FS 29 & & < 1]
EAFLTEPRE PR AR FHEID PR R P s
ORI Pt A F - R ATO B2 FRB s > ¥
SRS E T B EROS AT ATO RN Z FE % B E -

32 IRMEFJENILHIB FEBZ E &8 R # (Linear Motor

Powered Urban Transportation in Japan)

— R

AFEL AR 2R EE S i AR g ]]“cu i - 46
L E 5 F 65 5 5 HTSS (High Speed Surface Transport) ™ g if- 71
B Linimo- ¥ — &R A5 E 3 4% % si(Linear Metro) » i % £_r2
RPR S E4d Y 2 Farld f 3l G so

RS F A ‘F’Sgiﬁi.{ﬁ,& Nt E@E S EYREZF Tod M ]v} 5
AR RARFEAND o P R 2 f LR HTSS fst
{— far* TR M2 ®EF (short- stator)ﬁ]“a‘rg T B i iR
i ¥ 02005 & 3 * Linimo fiddk &+ LA HFE2L B S R
2w B N & xkan Tobu Kyuryo Line F%&pﬁﬁ ¥iFE R >E 89012
HOBxbo T B AHT 2018 F# £ F]F p 24900 4 X o T3 A4 H
EP AR A LTFT M B N Ao T B AR K M2 E R - B A
E R AR 0 ¥ - GRS 4k L EY 1090 # ch KT B
o PERP AT T IERLE SRR E (R 35 4 R) 0 B
BERGIS 22 > FBE2017 £ F 1557 § A =K/&E > ATIUITHE
kT EANRLGE 4 ) o HBLT - & ﬁquifm@ﬁ%]ji o
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o i Linear Metro
Linimo (HSST) )
Linear Metro

——

=

oséndaj Sen.d‘ai

4 Nagoya Tokyo
Kobe i
z Yokohama
o7 saka ‘o
.

Chuo Shinkansen \\';_”_ ‘

- ‘ (Superconducting Maglev) = ! ) ) Yokoham;
Fukuoka

B35 P A2 SIS &MY THR
— ~ #BEBOFHIEZRME Linimo

%@%aﬁm—] % 5L HTSS B 4o 1970 & % > Zee2fs % 5 @
ERER RN R AR R x X B 3-6 i 2005& 37 R4
FEEHGR LT ED B2 P A o AT o AR T ¢
Tobu Kyuryo Line - @] 3-7 #_HTSS i St idfrsit b dde 4 a0k 5t
B B AR URTREREF v UBHUER 7T
ST 2 Fs5l o 35 B Linimo eif € % 1 4o @) 3-8 #77 » 2005 &
Crot AR e WA - Linimo &6 B * chg BIF X 8L8E 197
A== piEE A3 90,000~180,000 * =t - 2006 & F piEE R
B3 13,700 4 = > 2 {$iFE L 4w~k 1 2018 & ek p 24,900 +
= ’&@.%Q’fﬁs#”i%;‘w £+ p 30,000 4= > EiEiEARC = 5%
% OV R cruiap a8 ﬁ%l'% ¥L o
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i8] 3-6 Tobu Kuryo Line &7 Linimo 7] &

[ ar body “‘\

N -

I primary side of LIM
Module /

Primary side of knear induction molor

r-

]
,
f

|
'
|
|
1/

Gap sensor /-~
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24900/day

Number of passengers

¥

A"

—

@] 3-8 Linimo At & @ § % 1
=~ RIEREERR
g—@ﬁﬁgw@%ﬁﬁﬁﬁwﬁﬁééﬁﬁﬁiﬁéﬂﬁW%i
2 - o PABEBREUERTE N EAER S FEpE 2k
PaBEABEERME A TP RY AT LEFREPRPE SR80
(4% 3.1 %75 ) H ¢ < K3 e7Nagahori Tsurumi-ryokuchi Line >+ 1990
E3 B AP AT - R EERHOREE TR FFAG
EPNGTERMEYRL O BRALKERGIS 22 o

FO I SLABaE HO o RS 8 4k S 2Egh R 3
B AR R S LSRR BT I A AR RS TR
Frt - BEPEFIGeR 39 - 15 Mp A FEIHERNZPBEHE
WA AR 4] 3-10 Fion 0 #2017 E R H RIGEER Y 76
A mET R4 m® 2017 2% 2R 9565 =5 piF
4155 F 4 = > { #FwE L 4 i1 # 4 Tokyo-Oedo Line 12 8 &
Fai@gg 5 & = iﬁﬁ%#ﬁﬂﬁ%&@ﬁ}ﬁo

A

I |wh

Y
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231 pACHFEIHZAPEERE N

City Line Route length Opening year

Osaka Nagahori Tsurumi-ryokuchi Line 15.0 km Train: 4 cars

8.2 km 1990

8.7 km 1996

4.1 km 1997

Imazatosuji Line 11.9 km 2006
Tokyo Oedo Line 40.7 km Train: 8 cars

3.8 km 1991

9.1 km 1997

2.1 km 1999

25.7 km 2000
Kobe Kaigan Line 7.9 km 2001 Train: 4 cars
Fukuoka Nanakuma Line 12.0 km 2005 Train: 4 cars

(1.4 km) 2022 under construction

Yokohama Green Line 13.1 km 2008 Train: 4 cars
Sendai Tozai Line 14.1 km 2015 Train: 4 cars

Total length: ~ 114.9 km

»

Bl 3-9 515 &4 4572 2 MR BS Eehp A3 o %

X 108

600

550 P

500 — = Yokohama :
g 450§ pemea I I
S 400 ¥ Kobe
0 @ Toky
§350 SRy I I I
5 1
E 250 I I I
£ 200
3
2 150 | | |

100 I I I

" 111l

2 2 2

Year

B13-10 p 22 B EFH 2 WML EF 4B LEL
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IE %I:IFIH:H
I E A AU i B 4% % 22(Smart Linear Metro) @ 4t de £ 5 T -
RAER k2 Ao d B A 4 B2 v BT (4 3.2 41T )
WEARMEE 248 B - ERITR 2 s HEFd B F
$$~PV?%xﬁ$v\£i’éﬁﬂ* EE
+

F

BPoos BV HEME A0 ¥ 0 L,%ﬂ%«ﬂljzﬁy}%,i
A8k S H 1% ﬁ EE 3L L OE ‘““Hiéra £ (link-type steering bogies) -
EEREE 2 “f FETOBEAPLSLER L dREHE

(proof-of-payment)ﬁ;‘ T e EF L ARk HERE N o

332 BARBERNEE ER S kL2 R

Conventional subway Current Linear Metro Smart Linear Metro
Car size (length » width) 20mx28m 15-16m=x25m 12mx=x25m
Fassenger capacity (e.q.) 3 cars: 420 4 cars: 380 4 cars: 276
Max. speed 70— 110 km/h 70 — 80 km/h 70 — 120 km/h
Min. curve radius 160 -200m 80-100m 70m
Steepest gradient I5%e 60% 60%e
Outer diameter of shield 65m 53m 51-53m
(single track)
Notes - Rotating-type motor - Linear motor drive - Linear motor drive

drive - Self-steering bogie - Link type steering

- Non-steering bogie - Link type steering bogie bogie

18



. OFEFEHR(Oral Sessmns)%é/éiﬁﬁib
(Interactive Poster Sessions)3h X 2% &

A~ =% € k2 v Ef {4 38 (Oral Sessions)# < 84 >3+ 5 40 7 324 171

B2 % % 5 3¢ 3 #(Interactive Poster Sessions)# < #% 4 > 3+ 5 20

ﬁ%%ﬁ%%%@%$o“%*ﬁvgim* v dod 41~4 432+
€ PEAR A HToT o

v £¢ (Oral Sessions)w ~ 4 % R4 F] 5 £ 40 5 > ¥ TR [& AR
B kS BB 2 £ BRRAD i heT S (D)F RIS ER R
(Demand Forecasting and Capacity Management) ~ (2) %k % 4%:if &
(Passenger Comfort) ~ (3)ficie it ~ plz# & ¥ 4& < & (Modelling, Testing
and Acceptance) ~ (4)® i# 7| # # §m(High Speed Rolling Stock) ~ (5)3k
7 & & A5 (Investments and Economic Efficiency) ~ (6) 3 18 2 71 & 2t
% ¥ 32 (Operation Management, Train Delay Management) ~ (7)%14: W B
R E ] ﬁig,] #.3%1(Open Market and Transportation Planning) ~ (8)*z % /x 22 %
= % {7 1 (Passenger Flow, Mobility from Door-to-Door)~(9) i = # 3 i&
(Low-Cost Operation) ~ (10)%< % ¥ 2237 £ & *i(Passenger Information
and Ticketing) % 10 * %37 -

e iﬁ(lnteractive Poster Sessions)m < ¥ # R AER| % £ 2038 » £ 1%
Ber g A RS A B R M 2 £ BERAD it (D)7 2
IS i (Vehicle and Track Interaction) ~ (2) A #F 2% *5 2_ Pk i R & a2
CBM(Condition-Based Maintenance of Infrastructure) ~ (3)71] & & fm3K 3+
22 4113 (Rolling Stock Design and Maintenance) ~ (4)% > ~ =% &2 X 28
% T g 12 (Safety, Security and Natural Hazard Management) ~ (5)/R3% &
Boid R~ DlE p oo 97 g A & 8k 22 4 (Improvement of Service
Quality, Speed, Time to Destination and Functionality) ~ (6)%L35£2 1@ 2
,% %u(Signalling and Communication Systems) ~ (7).5 3 ~ 5o &2 33
(Economics, Policy and Planning) ~ (8)-% 4 {+(Sustainability) & 8 + %
g\‘ o

EOFEARNBEFRRG AR 2w 15T e
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% 41108 & 10 * 29 p ¢ RPFARE kAL

TIMETABLE oP-ra Sosson

IP: Interactive Poster Session

Hall | Hall E
Hall C Saminar room 1 Seminar room :

"
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% 42108 & 10 * 30 P ¢ RPFARE KA

TIMETABLE P Sosson

IP; Interactive Postor Session

= — Hall E Hall £ Hall
all C G409 . L.
. Hall C — Saminar room 1 Seminar room 2  E
i)
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% 43108 & 10 * 31 p ¢ RPFARE R4

TIMETABLE

05: Organized Session
OP; Oral Session
IP: Interactive Poster Session

Hall E Hall |

G409

22

Seminar room 1 Seminar room 2 E



41 BRMBREHENFFALAHREGEBNIRSEIAE
(Forecasting passenger load in a transit network using data
driven models)

— HE

HERPRREERRL]  FE PRI R T A LHF T
B2 X AFEH)LBEF AL E > AF Y 5 AFHR KRG
BEAFAGIFA)A L DL ERREDLY EEY L F L

BoF - RLEMALL - BERES G 55 mﬂ%f«%wﬂﬂ
FLZ PR R 7|2 2 h i Ap R R RS2 AT EF B RS Y A
RIFRIF - 7123 - B eb2 SR LR > T e S A
(random forest) £ #- & #& = ;- % #H(gradient boosting tree) ;% 2- B 4 £
£ 1 f&ﬁir%k%MWﬂ~%ﬁ B g LR E o B i
oS P B R )HTR R TR 2 ?‘f% 2. 7 H & E 2015~2016
E2 G TR E AT 0 TR KB m&z@ﬂ@?}iﬁ« 23 SNCF »ra g =
B OB S L e EE TR

il = ¢ 2)-3=]: )

W wh A,\Jffrﬁ‘%tvu’ %A gk e SNCF # ¢ — g4 » 2015
EEX2EFEGE 2D H A Ko Zﬁf‘ﬂﬂﬁ4x'+x‘sﬁlﬂ*§3§f£ Al
A 32 ?jﬁ:igpx FiLE Fhnt T @ Ag(«fr"'ﬁfﬁmjrz ?‘\ 1o e
Bl 4-le VR A28 nra fF 22T qp 2 Ep2%Eifitd
FRNEXFIFERE s R PIER 2 ERAN B
Booips SRR AEATHE T 3RS DR o

= AN ERETRAER

AR R 2 TR AT %m\i%@@&ma’imgg
AMI|BLEHSBEY £ 7 B % %% 7_Last Value (LV) ~ Contextual
Average (CA) ~ # & # = /& i £F Gradient Boosting (XGB) ~ Sg % &1
Random FOREST (RF) - Long-Short Term Memory (LSTM) % 5 #& #-5¢
BT AT o
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— 5 ®)(H) 1 S N
i tyry——t ' l::\
Cmaaer O COnms 4 - ~
TRMONT LAUBOWNE | ~ \ ‘.\\
v . N
MRARCONVLE | \ - '\ ’_‘ | \.‘
MONTIONY AL | \ ~ :K\\\ .? “
: “~ .:’\ ' \{‘ N
aNLAM '\ .\ \\
~ oy B o o i
AR LR L ' I\\\'\
~ NG NN
ST U L AusOont | \ \,.\ ’\
onTome | \ \.\\ ‘\‘\
ARTRY \ '\
N
[ | P PINN
: : S - ! SN B \\§
S R, 4 (N N
> L X '\:\
™y
Bl 4-1 SNCF s 2 ¢ — A M2 FT4 2 B AE

Train load at Innercity station towards the city (2015)

4 Thursday profiles
4 Sunday profiles
train loads

2000

12pm

4 Thursday profiles
4 sunday profiles
train loads

120m :

Sam pm fHpm
; N~/

B4-2 “Ta B 2B*d «;_Lg,,,]y -
M~ EfsE RS

APy GRETNS AN EBERAEFTROTEEE
BB 0 A W3 E H 353 $322 X (root mean square error, RMSE) £2 fégﬁ K4
7 4t 24 (weighted absolute percentage error, WAPE) » £ & {7 H 3%

A ot 2447 L LRGN FRFFAG O RE R o §,J‘<1:3_
32 AR % BT o M8 defh(random forest, RF)& 4 & 48 = A
(gradient boosting tree, XGB) ;' & 4% B8 ¥ {2 p T H © #5704
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WE - F]DHEE - B b2 vski‘;;‘hﬁi\.ﬁ 2 3 IR #E§+&§¥°

44 ERHHNEE S AL P EFRF 0 R

Model Suburb Inner-city
WAPE RMSE WAPE RMSE

Train score
(R 18.2 36.5 42.0 187.0

CA 139 292 263 1218

XGB-CAL 1255 268 0 140 778
XGB-CAL+TS 119 246 96 54T
XGB - ST 8 4 28.0 84 59.7

Test score
LV 23.9 46.8 46.0 205.0
XGB-CAL 17 43?34164924
SR CAL+TS T T L. 530
XGB-ST 2052 403 2123 1104

XGB-ALL  16.0 33.8 124 T2

42 FEBEMEIRKEFAEEEBHNOARZERN
(Decision Support Model for Rolling Stock Assignment and
Predictive Maintenance Scheduling)

— WE

A SRP AR FL AR A RBTFERET LI LR
Fh oD B IRALE Y B EF R R DT A > FlE o o
ﬁ??l_é_ﬁ’ig;ﬂaf? {%"Eff;—.r’ BEE P e - BF g s B é‘igt@
QLF]/’\'L% RS R Ay 'Fim«llﬂ/‘\’ )@PK'}:;J%E\% F(E@r
FI)Z iy & j\_i _quigcﬂ,»\#g o kv erFT 7 R T g (periodic
maintenance, PM) K v 2 5| & & dmdp /o ff AL » (e g 2 g eh
PR s 252 3 WP AR A TR DR VAR LR ME
EAREE O TN ARy ER - BRECAER xz#; AR el AT A E
(predictive maintenance strategy, PAM){c 2 4852 =+ & #55% k 4y
R BB ERIE R RS e AL SRR o TR
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SR RIS AR RS R i Y R eI TR B
FlB e B g i (PM) Rk 4p vt o8 X 11%ie & & 0 iR
i BARAT R F g d B gRE Y ok e T LR
— ~ FIEEREIRFEEERE
F4(TRA) 7] 2 B dmdpingt 4 > k35702 1% 25(F R) e
PR R ¢ FEAEE T a@:}z&;‘zﬁﬁﬁmo & - f@@'ﬂ B
- EAER TR - BE BRI 5 B ARk s
g do ¥ igRdrizd $oko|d 2 imo Hg o Fihmd 3 nd 2t
XL R o i Y g TR AR

)

o

2045 BRI AM AU B 5B BB RN HRR A BE B
—& p 413 (daily maintenance, DM) ~ & ? ‘&2 (monthly maintenance,
MM) ~ # = 2 % 2 (bogie maintenance, BM) ~ % 48 & i3 (general
maintenance,GM) » iz 8t #H A (PM)E % d 2 2 4% ¥ 1§ X ki
WA 7ymaig o ¥ 3 8y a3 (BM)~ Bigan (GM)FV@
ZTRECAGEFERZPRIF > T ZEARTAGERA T
7o MEEGE pAZ(DMZ X2 ag(MMPZ 4 £ 52 _B_m
Fing K2 R B 7B AU A T PR . A mm S RIS
i (PM)mi‘é:f%' H ARk i’)ﬁ 878 ‘e (trainset-specific)
T F R BAL 0 Fet AR Y RRRRIE RN e (PAM)ER * 0F A
M2 HBEAIE -

Maintenance level (Abbr.)  Accumulative operating days Maintenance location
i | 1 days Rolling siock depot
MM 3 months Rolling siock depot
BM 3 years Workshop
M 6 years Workshop
=&

- BB R AT ER R RN 4 AR s p g
iZ(DM)z & 2 ‘@i (MM)eh7| 2 38 % foia il T 747 38 > % PR Ap b Q}‘%FJ\-
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k2 5+ > two-parameter Weibull distribution = ;% i & %

(degradation) i* 4% - B 4-3 T 7|7 7| & # jmdy %R F] 2 % 2 _ﬂ ¢ input
HHELF M EY fraB Ea2 S AT LA

PoARs §AEd WA AR R A A AR ]2 E Y 4 kel
Ao @TIRIREE o 7 JEd Bl E D i (MM) S A TR
FBAEY e PR A A (MM)FHES IS0 718 e v i
4F o

N

l@«

¥

H@

I 1II . .hl-l!“..-l. m m

Trainset Degradaton model Mamtenance costs Mantenance schedule
"* Min
Initial status Expected falures Rolhng stock assignment
Depot capacity Max Utilizaton efficiency
Muintenance
Regulation rule

Bl 4-3 712 & f@dn iR 2
50 RIEV LR "é:%% }"‘J}F]/’\ W EArSE - B8 E
¥ ovf T L A 1}#— B L FEEARL Jfﬂr;\‘ (mlxed-lnteger

programming, MIP) FfEF|BE A Y A FEFFLAY Y
>~ g A engo] iR AR %&‘\*“Tﬁ_ﬁr?]44“r*r °

WRESV R Y&

AT G 2k BT A RS B T D 2 AT R R A
% B 5 11 B 5 X7 2F% R T p i@ Prriv XY > HL R
# 6 2 EMUS00 f- 40 2 EMUT00 5] 8 # {7 x 3% » % 4.6 T 5 377 4
ROLB R 2 58 % B /SminF A > 57 BRIARILES v
(PAM) s # &5 7 wig (MM)2 %5 » A% b2k 2425 180 % -
ZATRI 2 Pag X Tzadiis At Ak lET 0
* PM+PAM o (% p &2 DM &8 B LA TR RAF g5 7 i
MM #* sEapliais $92 PAM o) dp st 2 % 2.3 iz (PM) ok
(#p @iy DM 2 &7 4 MM 2R AB AR FHET) & F 7 2%
LIS 2 X ks JF e E_ PM+PAM v 1Y B G B w2 tE 2
(degradation) H58 » #F12 Z] B 3 % % s F 2 A F oo B2 E R
(degradation)ti-s & =5 B & - 3 = :EE: FERORF O UREAS
7% PM+PAM w2 2 g & AR 45 %’ﬂi»@%é’??
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H A A% & T

%%éiﬁapx@ﬁA%&T’

K98 (PAM)AZ A it § 2 ¥ 4075 2
g (PM) ez » & “§ [N
(PAM) 425 72
Minimize

CDZZz,,”c”ZZr,,HF

vEV kEK vEV keK veV keK

iz
e R s g 7

ka+c”

Xivk = Nu.!qu,i.k

payu
PETEE
el
n-1
(n—=1)x,,, = Z X shuk+h
h=1

doy = diyy + Z
tar

dy, = dy y+ Z Py — Mry,,
tef

iXipk — Mry, — Mz,

dd, < p*

Zx!.v.k = 2ok
iel
in,v.k = Tyk
ierl

:E: Yok =G
vev

DRI

vEV kEK
Pk = Vyk+i

_Mﬂvks+—8uﬁ:—d ‘:MB;,‘_"{' auks

+
ka:

=1
5ES

9;.&,5 + a;.k._c =1

fv.k = Z ett.k,st,s

SES
dv Fer u.k-fv.k =0

¥
zv.‘l’ B

u.k' i der o legr a;,k.: S {UJ 1}

B 4-4 >
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|2 23 AT AR AR 4L E T 2z MM
PM+PAM § 1% & T4 o

B & ﬁiﬁ/‘\* Bl g PTT2 R A

S RIT
g e

F R 72

D quan WYY (il + )

uet? (el kek veV kek

viel" ke KT
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2 IR PR
Fr o4
T a3 (PM) K% o

SIS

AP G ATRE 2 AR

EH RS 2Rt T A

i3 hAZIE 119% 0 padr * IR RMPERZ R
ﬁﬁiﬁi@?m X2 TR o
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246 FABRE TS 2 5B FF BT

R
-

Required Required Accumulative Operating frequency (days
type quantity operating dayvs (day) of occurrences)

ES EMUS00 | | Every day

E6 EMU700 2 k) Every day

E7 EMU700 2 3 Every day

ES EMU700 2 2 Every day

E9 EMU700 2 4 Every day

E10 EMU700 2 3 Mon, Tue, Fri, Sat, Sun
E10 1 EMU700 2 2 Wed, Thu

Ell EMU700 2 2 Every day

EI2 5007700 2 2 Mon, Tue, Wed, Thu, Sun
E12_1 S00°700 2 | Fri, Sat

El3 EMUS00 1 | Every day

# 47 7 Flaig i T2 e dp ik At g

PM-only PM + PdM % difference
Number of DMs 1433 1431
Number of MMs before Ph 18 12
Number of MMz at PM 32 2
Number of MMs after PM 0 32
Expenditure on maintenance 311,750 298,070 -4.539%
Expected cost of failures 1,152.011 977,283 -17.87%
Total cost 1,463,761 1,275,353 -14.77%
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. RERE DgTechnlcal Exhibition) B i 2
(Technical Visits)

5.1 fRESEEE (Technical Exhibition)

X ERZMP BRG] LRME LT TP 2y
82 L (4ol 5-1 777 ) » FiRZ T (o] 52 Tm) 0 FIRBE M 2
Q#Bﬁig?ﬁ#’ﬂ p}%ga’ ‘:‘;'_—‘]ﬂ Wiﬁlﬁﬁiﬁp F"D%@ Q\‘;’J(?‘;?*ﬁ_

BBALEL) B A = mwi LR 550 4 ARREE A KR

B 0\%

PR RS > FENE P LSRN FRENE
GO JR Group B04-1 EAST JAPAN RAILWAY COMPANY
AOD1  Tokyo Metropolitan Government B04-2 JR East Consultants Company
AD2  Okabe Co., Ltd. BO5  MITSUBISHI ELECTRIC CORPORATION
A03  TOKYU CONSTRUCTION CO., LTD. B06  RAILWAY INFORMATION SYSTEMS CO., LTD.
AD4  KAJIMA CORPORATION BO7  Transportation Technology Center, Inc. (TTCI)
A0S Mitsui Chemicals Industrial Products | id. BO8  International Union of Railways (UIC)
ADE  TAIYO KOGYO CORPORATION BOO  SNCF
AD7  BSIGroup Japan K.K. B10  Trenitalia
AD8  KOZO KEIKAKU ENGINEERING Inc. B11  NSK Ltd.
AD9  TETSUDO KIKI CO., LTD. B12  Japan Railway Track Consultants CO., LTD.
A10  THE JAPAN STEEL WORKS, LTD. B13  JAPAN TRANSPORT ENGINEERING
A1l IHI Corporation COMPANY
A12  MEIDENSHA CORPORATION Bi14  Shift2Rail Joint Undertaking (S2RJU)
A13  TOKYO PRINTING INK MFG. CO., LTD. B15  RAITO KOGYO CO., LTD.
A14  ASSOCIATION OF RRR CONSTRUCTION B16  Asahi KASEl Group
SYSTEM B17  China Academy of Railway Sciences
A15  Nisseiken, Inc. Corporation Limited (CARS)
A16  SEKISUI CHEMICAL CO., LTD. B18  Knorr-Bremse Rail Systerns Japan Lid.
A17  Kyosan Electric Manufacturing Co., Lid. B19  ITAKE GORPORATION
A18  Toshiba Infrastructure Sytems & Solutions B20  IFSTTAR (French Institute of Science and
Corporation Technology for Transport, Development and
A19-1 FURUKAWA ELECTRIC CO., LTD. Networks)
A19-2 Maruwa Electronic Inc. B21 Australasian Centre for Rail Innovation (ACRI)
A19-3 MATSUI KOZAI CO., LTD. B22  KURARAY CO., LTD.
A10-4 MIRAPRO Co., Lid. B23  Korea Railroad Research Institute (KRRAY)
A10-5 NIPPON Steel Corporation CO1  TOBU Railway Co., LTD.
A10-6 NSK Ltd. C02  SEIBU Railway Co., LTD.
A19-7  RIGAKU MECHATORONICS CO., LTD C03  Keisei Electric Railway Co., Ltd.
A19-8 SUZUKI GOKIN CO., LTD. C04  Keio Corporation
A20  Obayashi Corporation COb  TOKYU RAILWAYS
AZ21  OYO Corporation C06  Keikyu Corporation
AZ2  RENK Test System GmbH CO7  Sagami Railway Co., Ltd.
AZ23  Oriental Consultants Global Co., Ltd. G0B8  National Traffic Safety and Environment
A24  SHIMIZU CORPORATION Laboratory (NTSEL)
A26  HSSB and the University of Birmingham C09  Odakyu Electric Railway Co., Ltd.
A27-1 Daido Signal Co., Ltd. C10  Nagoya Railroad Co., Ltd.
AZ7-2 SANKOSHA Co., Lid. C11  Nishi - Nippon Railroad Co., Ltd.
A28  NEC Corporation C12  International Railway Journal (1RJ)
A20  NIPPON SIGNAL CO., LTD. C13  Osaka Metro Co., Ltd.
A30  MTS Systerns Corporation C14  Kintetsu Railway Co., Ltd.
A31  Glenair, Inc. C15  Keihan Electric Railway Co., Ltd.
BO1  Hitachi, Ltd. C16  Hankyu Corporation
B02  Hitachi Metals, Ltd. C17  FujiSankei Business i.
BO3  Tokyo Metro Co., Lid. C18  Railway Gazette International

B 5-1 £BRp -F
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B 5-2 e B HEE o

— ~ thEKPEEE R 2 Z e (China Academy of Railway Sciences,
CARS)g& 4t

d R R B 22 1950 £ 5 2018 # red S ¢ R4k ALE A
TREET AP LY ARRSREEG 2722023
GESSSE et 3 JURE SN OE 35S SR F o Yk
BAFSE o RF R 1 9000 44 ~17 BH XTI 55 B EF
5RO R E P ARLR R AR R R WA S
WG o RPREXARERP S FERKR S AFNFE % 2
BEEFEREMRG BEPFAFTIE AL o E KT RT
ﬁiﬁéﬁﬁﬁfﬁ(éﬁﬁﬁ? A2 A7 22)% 10 BRI REAIFTE 4 0 F RO G
FepiE AR 7Y RBRER CE VR B RBE S F SR
é;m@ﬁ S BT R el g o
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sSxsmEaEEEERE: 350km/h
Running speed of Fuxing EMU: 3\50l.un/h
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5.2 52132 5h(Technical Visits)

WCRR 2019 i 9%~ ¢ A=x2R3| ¢ 22 4% ~ X 2 A Fl1 /28 B
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'Motion range Acceleration Jerk Frequency response
X -360 ~ +410 mm 4.9 ~+4.9 m/s* 20 m/s* 0~8H:z
Y 360 ~ +360 mm 4.9 ~ +4.9 m/s? 20 m/s* 0~8Hz
Z -370 ~ +440 mm 4.9 ~ +4.9 m/s’ 20 m/s? 0~8Hz
Roll 14 ~414° 3 m/s? 0~8H
Pitch 14 ~413° 3 m/s? 0~8H
Yaw 13 ~4+13° 3 m/s? - 0~8Hz
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(= )4 Fug ‘e T4 R & si(Database System for Railway Track
Maintenance)
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Track geometry data Facility data

Measured data

Where track
by other device o b
On-board 0 S I Why was
measured the vehicle
data shaken here?
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Laser displacement sensor

Gyro, Accelerometer
—

vy, M gme|

& .

!

|

! a Mirror drive motor \.
|

V4

7’ %

~— 1067mm

~\

About 1300mm

The location of the track measurement

L cul By combining both data, track The location of the track measurement
:m m:‘m«mﬁ"’ >> inspection quality equal to that of the << unit relative to both rails is measured
nmnmeml track inspection car can be achieved. using laser displacernent sensors.

measurement unit and a rail

BI5-0 % [igiiv wandsdl = d | 2 B dd A TR ki
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BB R /A Bl (Railway Information System, JR Systems)
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MARS Terminals

JR Systams has developed thras types of MARS
terminals ysed by JR Group companies. the
MA 1ermingl, ysed by ticket oMee stafl, the
customeartacing MV termnal, which can ba apsrated
In four languages, and the MD terminal, which
Qisplays the latest information on reserved seat
availshility.

We Nave 880 iIntroguced the Assist MARS 1erminal, &
tickating guidance systam that connects My
Wimingls In gslations with remote operators. This
sllows atations 1o meéat tha needs of growing
numbers of overseas tourists and gustomers
reguiring digability sccommodations, 83 well as o

B 5-11 MARS s 5L% =8 5 7]
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